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BACKGROUND
L. Field
[0002] The present document relates generally to wireless communication and amongst

other things to beamforming for wireless communication systems.
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cotlR@adts. OWsHe&fueh ﬁ%}ﬁngstﬁe f@fa rBRndadicn thbﬁé‘%?%&amer to
in each hop perio tiple data transm ssions for

subpdriepinea pesude-gandenninaahe. ndys Inwpsgprovides) fequanoy ﬁi\sersﬁy and

[tiple traffi nnesth re associ
oy S anbion fo BERA SR AbicBE R B8 i S fuch & harmow-
adﬁfmtreﬁereh@e han@idd) @ nd & &e anot her so that only
one traffic channel, and thus only one data
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with different FH sequences. These FH sequences may be defined to be orthogonal to
one another so that only one traffic channel, and thus only one data transmission, uses
each subcarrier in each hop period. By using orthogonal FH sequences, the multiple
data transmissions generally do not interfere with one another while enjoying the
benefits of frequency diversity.

A problem that must be dealt with in all communication systems is that the
receiver is located in a specific portion of an area served by the access point. In such

cases, where a transmitter has multiple transmit antennas, the signals provided from

each antenna need not be combined to provide maximum power at the receiver. In these



each antenna need not be conbined to provide maxi num
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trar3frdtterRt i on with optimal rank, or a beanfornmed channel
information with optimal rank based upon whether the
apparatus is schedul ed. [0011] In another enbodi nent,
a method conprises detgmiarg Whether a wirel ess
comuni cation device is scheduled to receive synbol s.
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_broadband channel i nformation. [0012§ Addi tionally,
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cdfRfni@ftion device is scheduled to receive symbols. If the wireless communication

device is scheduled to receive symbols, then generating beamformed channel
information and if the wireless communication device is not scheduled to receive
symbols, then generating broadband channel information.

[0012] Additionally, the determination as to the type of channel information to be
generated may be informed based upon a distance between a current hop region and a
prior hop region. Further, the determination as to the type of channel information to be

generated may be informed based upon a number of hop periods since a certain type of
feedback.
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f eedback. BRI EF DESCRI PTI ON OF THE DRAW NGS[ 0013] The
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ORI BARALd ABmS¥ S8 G 6R¢ Qhﬂ&diﬁﬁnpne embodi ment ;

[0021] Fig. 7 illustrates a block di agram of a

[0018] r eceFigeba dipsiraten 4 block duaptanpofn ficwersislink inel regliple access wireless

conrnunitcati Q[n S stgﬁggccordi?& .10 _one enbodi nent;
T RGBT UETE AR 85° & GHBhart of generat i ng
[0019] Dbeanfigr 5B NEstt@ECNbHOCR AR BYa k& efRAInRTRAdhBPle access wireless
[0023] Fig. 9 illustrates a flow chart of generating
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[0021] :n%y 'gngiﬂlggéaﬁ%ng brl&rllkditagra];ne %9 %ageléei%grc (s)}rrs?elzn? gmtao m%?tiple access
wireless communication system according to one embodiment;

[0022] Fig. 8 illustrates a flow chart of generating beamforming weights according to
one embodiment;

[0023] Fig. 9 illustrates a flow chart of generating beamforming weights according to
another embodiment;

[0024] Fig. 10 illustrates a flow chart of generating beamforming weights according to

a further embodiment;

[0025] Fig. 11 illustrates a flow chart of determining a type of CQI and rank to
feedback according to an embodiment; and

[0026] Fig. 12 illustrates a flow chart of determining a type of CQI and rank to

feedback according to another embodiment.
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[0026] Fig. 12 illustrates a flow chart of determ ning

a type of CQ and rank to feedback according to
wa@r@bles4enbodi ment. DETAI LED DESCRI PTI ON[ 0027PCT/US2006/008987

Referring to Fig. 1, a nultlple access wrel ess

communi cati on system accordi’ng to one enbodi ment is

illustrated. A nultiple access wreless conmunicati on

system 100, i pcl udes Iecel .g. .cells 102, .
00271 75 R P 1 T ool ooy B8l gecording
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functionality of, a base station, a Node B, or some other terminology. An access

terminal may also be referred to as, and include some or all the functionality of, a user
equipment (UE), a wireless communication device, a terminal, a mobile station or some
other terminology.

[0031] Referring to Fig. 2, a spectrum allocation scheme for a multiple access wireless
communication system is illustrated. A plurality of OFDM symbols 200 is allocated
over T symbol periods and S frequency subcarriers. Each OFDM symbol 200
comprises one symbol period of the T symbol periods and a tone or frequency

subcarrier of the S subcarriers.



[0031] Referring to Fig. 2, a spectrum allocation

schenme for a multiple access wireless comuni cation
wey®bem3ius il lustrated. A plurality of OFDM syprdDIUS2089Q08987

is allocated over T synbol Q;riods and S frequency

subcarriers. Each OFDM synbo? 200 conprises one synbol

peri od of the T synbol periods and a tone or frequency
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access terminals overlapping on the same hop region can be separated due to multiple

receive antenmas at a sector or access point, provided enough difference of spatial
signatures corresponding to different access terminals. |
[0036] It should be noted that while Fig. 2 depicts hop region 200 having a length of
seven symbol periods, the length of hop region 200 can be any desired amount, may
vary in size between hop periods, or between different hopping regions in a given hop

period.



recei ve antennas at a sector or access point, provided
enough difference of spatial signatures correspondi ng
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noted that while Fig. 2 depicts hop region 200 having
a length of seven synbol perfods, the length of hop
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beamformed CQI). The CQI can incorporate thermal noise and/or interference

[0040]

covaraince matrix or interference levels per receive antenna. The interference may be
estimated from broadband pilots 310 or dedicated pilot symbols 322.This way, the
access point can know the CQI for the entire bandwidth available for communication, as
well as for the specific hop regions that have been used for transmission to the access
terminal. The CQI from both broadband pilot symbols 310 and dedicated pilot symbols
322, independently, may provide more accurate rate prediction for the next packet to be
transmitted, for large assignments with random hopping sequences and consistent hop

region assignments for each user. Regardless of what type of CQI is fed-back, in some
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beamforming weights from the access terminal over a reverse link transmission. If the

access terminal also has a reverse link assignment in each frame or hop period, whether
in a separate or same hop period or frame as the forward link transmission, the
beamforming weights may be provided in the scheduled reverse link transmissions to
the access point.

[0045] As used herein, the CQI (TDD), channel estimates (FDD), eigenbeam (FDD)
feedback, or combinations thereof may termed as channel information utilized by an

access point to generate beamforming weights.
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number of parallel spatial streams may be varied according to the rank information that
1s transmitted from the user.

The modulation symbols for all data streams are then provided to a TX MIMO
processor 446, which may further process the modulation symbols (e.g., for OFDM).
TX MIMO processor 446 then provides NT symbol streams to NT transmitters (TMTR)
422a through 422t. In certain embodiments, TX MIMO processor 420 applies
beamforming weights to the symbols of the data streams based upon the user to which
the symbols are being transmitted and the antenna from which the symbol is being

transmitted from that users channel response information.
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possibly other channel characteristics, and provides these quantities to a processor 470.

RX data processor 460 or processor 470 may further derive an estimate of the
“effective” SNR for the system. Processor 470 then provides estimated channel
information (CSI), which may comprise various types of information regarding the
communication link and/or the received data stream. For example, the CSI may
comprise only the operating SNR. In some embodiments, the channel information may
comprises signal interference noise ratio (SINR). The CSI is then processed by a TX

data processor 478, which also receives traffic data for a number of data streams from a
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[0057] For a full-rank MIMO channel, where Ng=Ny <N R an independent data
stream may be transmitted from each of the NT transmit antennas. The transmitted data
streams may experience different channel conditions (e.g., different fading and
multipath effects) and may achieve different signal-to-noise-and-interference ratios
(SNRs) for a given amount of transmit power. Moreover, in those cases that successive

interference cancellation processing is used at the receiver to recover the transmitted
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I'ts cont romthe receive
linear receiver such as a Minimum Mean Square Solution (MMSE) or Zero Frequency

(ZF) receiver, or non-linear receivers such as QRM, for each tone. This allows
reporting of the CQI by the receiver to be for only the “best” rank and hence results in
reduced transmission overhead for providing this information.

[0060] Referring to Fig. 5A a block diagram of a forward link in a multiple access
wireless communication system according to one embodiment is illustrated. A forward
link channel may be modeled as a transmission from multiple transmit antennas 500a to

500t at an access point (AP) to multiple receipt antennas 502a to 502r at an access
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[0065] In an embodiment, the channel feedback is provided from the access terminal to

the access point, for a subset of possible transmission paths between the transmit
antennas at the access point and the receive antennas of the access terminal.

[0066] In an embodiment, the feedback may comprise of the CQI generated by the
access point based upon one or more symbols transmitted from the access terminal to
the access point, e.g. over a pilot or control channel. In these embodiments, the channel

estimates for the number of transmission paths equal to the number of transmit antennas



mul tiple recei pt antennas 510a to 510r at an access
poi nt (AP), access point, node b, or the like. The

WO ewe/3B49 | nk channel, HRL, nmay be defined as P¢EUS2006/008987

[0067]
[0068]

[0069]

collection of the transm ssion paths fromthe transmt
antenna 512t to each of the lfecei pt antennas 510a to
510r. [0062] As can be seen in Figs. 5A and 5B, each
S (A . [ [ e L
w5858 AR terkil DYk NeB 00 B L T TR Birp ey e
dérivad $iins SedDQL, Dyl teising ftdiket rpilatui Mty alwsaht deaafrimgdweights
for reception 50261 to 502r, at {he, access term nal )
to(hgmpoomppiiied, R a regulanbasiscnd Jherione Be moEe Aely gpsponsive to the
' gt @D Aferf k Yoint. :
C&('E%@?]s&fg@eac?%?ﬁ?h%g‘ggﬁnt ee r %gtﬁssb{oetﬁ % tpgﬁﬁgﬁ 2? 8%? %mt This
afipreach meduces theeoriplexityrf ¢henaeceasing haquired esthetaecass temninal, since
t'0063£ In tinme gitv'gi on d nged com’runi.gﬁti%, full nal
SRR AR PTYoER T B ??@ CFEE ok Eiorming e R AhEACGHS termimal
A2PéRNBAEtMEERsh hdattik aNSPbe @dnetalRl 8€ GRS Ack&sPHAt ukihg channel
| ess than the nunber of antennas used for recepti on] at
Where

es;ti%%te%cc%ﬁéﬁr rrriﬁq)%ll. tjﬁlgnc it he B(&) Ia(k)i*nlbzcharwy;

f al | "of the receive an nas at the access term nal

B, 3, di,bf | atérhndoin Okdtékn. [0 In frequency. diyi si on
dupl ex{{ed corrmuni cat i or?,ndgseggizt}r%lsﬁlé%Rhagﬂﬁln%vegx’é&uémg the CQI
ad BipPbiBtiheinfPmabh f&f htMR) %&a@e&ﬂtgﬁmyqietérﬁﬁm|{1§ M) at the

l'ink channel matrix may be inéfficient or near o
adeaysapintolAP)d ulioteothit MREEY iy theethaandli aslimetes edithe gesponsive pilot
P a0 ol LB AR 20 bl Bl AR on e
re9bisailink. [10G0B&I1d bt woted HaoURIERIonlY Bovidednfoela deatsH agkransmit

is provided fromthe access termnal, tQ the acces

) .CESS
aniemas at theraceess (mauRal ofeppbrsisieing oneiadiiss1Hvipel idless than the
nifbdRFRedeR At RITLE thé?&c%ﬁg‘éﬁnﬂkl ta ‘c%ﬁ?a@%%id%qggtgé?%% The
the receive antennas of the access terninal. | 'n
clannembaidi iEhAk) is btafneé b aalibratng IRIDGE) i tyautdizidghmatGRIA, which is
ner ategd by the access point based . upon one or re
Pt fla% diffeies ﬁ%ﬁg’i‘r‘%‘h@ea@%@% Il FhaRaF] % L Calculated
fRFERSEIP fitmatnGrecQVET fr8mPhb AbcRl 1&R1MA10! IndRNBodFhent, the
these embodi ments, the channel estimates for the
3R m9§l deFiREE 95 SROHR bglgw?%vlﬁ al o el Eal BT rerfgrs for each
transmt” antennasutilized at the access termnal for
cleanél, r ecei ve antenna of the access point, nmay be
derived-fromthe , by treating it like a pilot.
Thi s al ]wst he b&anf or mi ng wei ghts to be reconputed
on a regal at, basis and therefore be nore accurately
respdvsjve to the,conditions of the channel between

t he acce8s term ngl and the access point. This
0" .. 0 4,

=

=2

In order to calculate the calibration errors, both the forward link and reverse link

channel information may be utilized. In some embodiments, the coefficients % may be
determined based upon overall channel conditions at regular intervals and are not
specific to any particular access terminal that is in communication with the access point.

In other embodiments, the coefficients 4

may be determined by utilizing an average
from each of the access terminals in communication with the access point.
In another embodiment, the feedback may comprise of the eigenbeams

calculated at the access terminal based upon pilot symbols transmitted from the access



[0070]

[0071]

[0072]

approach reduces the conplexity of the processing

required at the access termnal, since there is no
WEe@oossiNg rel ated to generating beanf or m ng MET/yk1086/008987

at the access termnal. g m construction matri x may

be generated at the Access I nt using channe

estlnates obtained fromthe CQ, B(k) =[h FL (k) b2
P, i o By R & I B s i 0o
singié cﬁranwt [ Elllrtlfem,r lmﬂm&):mbajdnmhtsaﬂmedgénbeaiﬁt ety b ageraged over

RL k ccess int (AP). th at hRL( k)
Bl i &1 i EFRAPRE Brah e T SRR pp Sy ol e derminant
eifddBaR bt tﬁg férana tinie chdrABSiThitix 2R ﬁ%@ﬂ%&) Il’PBtth"@m@&ﬁﬁéﬁts the
term nal (AT) on the reverse link. It should be noted

dompigent lefgenbeanasingy he dverge fostwa onmmdse franfestin dlres tiing-domain, or

P88 ol S RO Ral R RS, i R 8 e

red@ideebath sthat conliitaoneas 8011hpleﬁit§ﬂ ak .théleptest Qémﬁﬁalb ghd'ghd required
in Fig. 5A. The channel nmatrix hEL( kz i s obtained by

“%W%P&trFW%RL(( RyovEle the pigenheams fiont the accesyfigraninal do the access
pditN N Bmifc AL REARA TR WBERIG: FRVELSR LUK when 2

anne he ca nf or nat
received fromthe access. term nal .B(k . @ mpnt ;.
qwﬂﬂaz%%la?rf?eﬂnw B IORS 2Dt an &h%ﬁﬁ% ’> P b,

the(fg;lbratlon errors for each channel, [0068]
whiradf 7 arece craitzed oigenbeamipihat 4t previdest and bbth bMere dummy
I.lwgéé nel information my
%@%@fﬁh& %%ﬁgrs‘i‘%%?’re é;e&lﬁe ﬁQlt he coefficients may
be dat anottien echbodimeht uthe feaibaclanlaycdvarpie afahe ighbmived athannel

ular, interval s and are ecifig to any

-B o Caley %e&c%é S a?“eqsﬁffﬁ%‘rmf fqa&ecpi upop piloh, ﬁ}ﬁ}hﬁ’lé drangpitted from

th&V'aE&s& E‘)@ltﬁccﬁﬁssc}ﬁﬁhélt estlhﬁtegtrH%V b€ @%géﬁe B & sebbil forward link
coefficCients may be determned by utiTizing an average

frémesmraelets tof sitgde fewes Futtharninrsaine ennfoodunuumthechannel estimates

h the a Cess n _anot her enbo

b0 o5 8E R oo e o e, S BRGe ARl - i Eupabls deam-
co&htrﬁdﬁ@n@%@ﬁ%eﬂe%tm Bethe Base&hdHROThdRI 1 RlwsDFROFE-MIMO channel
transmtted fromthe accesspoint,, The ei genbeans nay

be averaged over several foBQl@ Ak S B r,,el[a}Je
malpixa agd rigPeided aive sivam tdser, 1 n some 'énbodi flent’s, t hé ',where
}igenbeams may be averaged over nultiple tones in the

V. Lggnts, only the

domqlﬁgl%fl %?8&?5&%@3@@?“?‘%% i nk channel matrix

are Ipranmheleﬂnbddmnenm tite fesdback man tompitiseesedait drdait statistics of the
ei nbea be.aver ed for t or nore frames in

h@Pﬂge m%e Smbtrcqﬁr&?a 198 ARLE £3lculatricat the pegepy terminal based
upol PRt synbd18 trhhSMinea Pont BEBIcEess PBint TRY sBfond Yi&er!statistics may

be averaged over several forward link frames or relate to a single frame. In some

€

n

embodiments, the channel statistics may be averaged over multiple tones in the
frequency domain. In such a case, the eigenbeams can be derived from the transmit

correlation matrix at the AP, and a beam-construction matrix can be created as:
By =lai(®) 6.0 @:(®) - 4 ®] ore 60 gre the cigenbeams

In another embodiment, the feedback may comprise the eigenbeams of the
second order statistics of the channel, namely the transmit correlation matrix, calculated

at the access terminal based upon pilot symbols transmitted from the access point. The



reduce both the conputational conplexity at the access

termnal and the required transm ssion resources to
w@e@eiogs49 he ei genbeans from the access term nBCT/US20061608987

access point. An exanple beﬂg}construction mat ri x

generated at the access poi when 2 quanti zed

ei genbeans are provided is given as: www) 3 M
eifdhBEfns ndyebd BRerfitanbvoF e %}Q%'E% r

gadr?g b3 ... bM aré’ébaum‘ry v‘éfrth%rs or ot %ege&g%%agér/wggsmgle

fragge. t ﬁmc@ssgmeeamquanentﬁ,abez @igellbeamsondtbebe everaghidnert multiple

f h ant i z hannel
tobdlin 1 HeAEhT BmBREPI Sfolmbi@Bbf ) SoRBRH digepbeams
ofpthé cltans:ylrrbsmhmldhbﬁrtﬁmlkt &d grodfed. hq}‘l@C&(ﬁﬁlﬁaﬁoéIF&n eﬂﬁ@ may be

chaﬁgpye&estl mat es may_ be averaged over several forward

aveRag rpe¥eral fopwqrglink: fpmesqriglate tpracsirgle fiameh dturthier; in some
nSREn ST Aflé Hﬁ1§ain t ‘%
aver aged ovgrg ! %%%35%%%2@ 5?’ e g@ 0&%8{;&1 A%dpnes in the
frequenryedompine benresampler hmmmstmbmn( gerer at egthat 2t hﬁanuzed
access point when 2 rows of the EL-M MO channel

eigenbldmg afé*fééﬁbéckb?s given bid \ B il (lé)’ eq4fkbvbded. 'lsdk]) where
i ven as: 27, where (HFL \' "is the i-th row’of

4 @%(r)é; chhe %M@iz%ﬁ %{g%ﬁﬂ)eég?s C\:Lek )ﬁog)/ L)P 81% JtJanLrEllt %glg%lgﬁorbpagp{

[0073] st atlh Stuths apiibadimerntkathe dieamrmrramcnbh endtfiRB4Y be generated by a

ool oL AP A N Eed B4 01 8 oo SR dedback.

Arp&iaiiple Jéen- §&%&ﬁ&1&fﬁ%ﬁ§ gfvbﬁﬁé.cs may be averaged
over several for nes or relate to a single

frame. In soneBe duﬂentsQM he channel statistics nmay
be averaged over nultiple tones in the frequency
domain. In such a case, the eigen@@aﬁs can be derived
fromthe transmit correlation matrix at the AR, and a
[0075]  pearvhesmst is dominanteigenberarfobe particalre iFhand ¢'A ikbased on the
here q< . (v k)J are t.h e e i gen beans [0072] In
hother enbodi nent, the feedback nay conprise the
[0076] e| g dn ottmrentiodinents ehe Heedbaeke fna§t Rlriptisk ©F tBE ddM€and estimated
nnel , nanel the transmt correlation matriXx,
elg&? &A1, Flagan lﬁ@te&c%wlt eqralation TpatsiEdeigptheapisiofthe transmit
cot¥IRO akt ﬁ@uﬁﬁ&ﬂh&ﬂ% access point.
Theelgenbeans e average over several forward
[0077] |inKkA beramrecmsuuctrcei mbteixtaybesgangtated at the Access Point using channel

estimates obtained from the CQI, estimated eigenbeams, channel estimates, transmit

[0074]

correlation matrix, eigenbeams of the transmit correlation matrix or any combination
thereof.

[0078] In order to form the beamforming vectors for each transmission a QR
decomposition of the beam-construction matrix B is performed to form pseudo-eigen
vectors that each corresponds to a group of transmission symbols transmitted from the
MT antennas to a particular access terminal.

V=0R (B)
V=P, v, .. v,, ] arepseudo- eigen vecbrs.

[0079] Eq.6



frame. Further, in sonme enbodi nents, the ei genbeans
may be averaged over nultiple tones in the frequency
wa@looveioge349 n ot her enbodi nents, only the dom naP€T/US2006/008987
ei genbeans of the transmt ﬁzrrelation matrix are
provi ded. The dom nant ei genbeans may be averaged over
several forward link frames or relate to a single
[0080] framEhe HidiviBRA, schBrsS 8 %he BEAAIIRN Sotors NepflOth: ntﬁgtbeawforming
ei genbeans may be averaged over nultiple tones In the
weigltg that exe apolied to. the\synehadsiphrsnitedfromrthe M sritermastd esdick access

.e n 2 anti zed ei gepbe re. feedback is given
te%{sl?almg’re%e Ye%ng%%h[eﬂ éreqﬁgﬂ?ﬁ%ggg?@%wgans per - hop of

the trangmt correlation matrix [0073] In further

enmb ol i y the-béam construction matrix may be
[0081] generated by a conbi nakd-on of channel estimate
[0082] 0Pt aimedM [AM fihnaRE LARE DL RirdRRRRRGL, eedback. An

exanpl e beam constructron matrix is given as: B=[hF *
[0083] L Xin.ordeyNp dedife hpwHEganyseif@deshs sharé be uked @ark prediction), and

doni t .eigenpeamfar a rticular hFL and js based .
R TP RSB e el B ot Db g o,
seVEl HRRRcheemay bd hielif@ 1ome abshd RheR] RIPENRRANEA, an estimate,

channel estimates, transmit correlation matrix,
. gehbéphgnest estimaterthatsmiay indpderanki trformationxmay Engomputed

' [ f 7 A .beam.gonst ti
bR BATIL 995AR8 58wl 3P SBRETRSEIR L) e como o
sighaling ehanasl inforinatorohimidiee fro@thé SReddPemifsl hfi@REhg decoded,
estimates, transmt correlation

ac%f%%%%&%@ (ri’glggfél%@r revgige dinkn By sing thisrhanne)yn thedepmforming
w?;’;ht@%aﬁf BB ichAbERE ds"SERR -abbPO78Imé rbﬁ; Whplfed %55'1 provides

Ne beanform ng vectors for each transm ssion a
infpenampoior theoategiredi¢tteontzégoritares theutctnsmittarnt ri x B i s
performed.to form pseudo-ei gen yectors that each
oosa) - P21 UAIEHLR, IPETBESUISBLISn NEE 15, LIBKe 828N e forvand
link! @RSOQL!&E the QOItRCuMAo PLHADD Rehk! haBhBREDT fob iRt rank, may b
1 access ter%i na;quD \}:qlrle .gg)ﬁﬁbv y 1V2 ... VV\S? arepsemlj%lk fay be
cogipyted bpsed e eamformed pilot symbols, e.g. pilot symbols 322 from Fig. 3, and

fedback over the reverse link control or signaling channel. In these cases, the channel

estimate includes eigenbeamforming gains and provides more accurate rate and rank
prediction for the next packet. Also, in some embodiments, the beamforming- CQI may
be punctured periodically with the broadband CQI, and hence may not always be
available, in such embodiments.

[0085] If the access terminal is scheduled to receive data on the forward link and the
reverse link, the CQI, e.g. CQI, may be based on beamformed pilot symbols and can
also be reported in-band, i.e. during the reverse link transmission to the access point.

[0086] In another embodiment, the access terminal can calculate the broadband pilot
based CQI and hop-based pilot channel CQI for all ranks. After this, it can compute the
beamforming gain which is provided due to beamforming at the access point. The
beamforming gain may be calculated by the difference between the CQI of the
broadband pilots and the hop-based pilots. After the beamforming gain is calculated, it
may be factored into the CQI calculations of the broadband pilots to form a more

accurate channel estimate of the broadband pilots for all ranks. Finally, the CQIL, which



[0079] Eg. 6[0080] The individual scalars of the
beanf orm vectors represent the beanform ng wei ghts
WO b@b/0993¢9 appl ied to the synbols transmitted fPONUB1006/008987
MI antennas to each access termnal. These vectors
then are forned by the following: F =-[v, v, ... VM
[0081] MML | 2j Eq. 7 [0082] where Misthe,nunber
m@ﬁldésaﬁﬁf Sptithall 12A8 Infl Vnahd A3 S ' dth%to use tgilhgc? from this

deci de how nmany ei genbeans s
efﬁncém ropdiyand palotichenael estimatsrang §¢d)bacm thesdooesk going vits & dontrol
ortso ogt ai n | mum ei genbeanf or m ng gai ns, several

%%ﬁe%m y be utilized. If the access termnal is

[0087] not Réibeing! t6 Fig.a9) a3 dkiBam . trar8mittRishstehian Ia%ultlple access
estimate that may include rank information, may

WE%iﬁﬁﬁutC@ana%@aiman sypemb r%ja@@m tpj |05E's eambadingpor tsedllustrated

r %6?)@ nf){ér d 1 cﬁgrgn ? tloqgcugfélgg al{ag?? %}'eﬁg%ﬂ)rﬁeblock 602

Whrbh econelng dmgtedmﬁut 3idighe- @.ﬂplﬁ BIsaybanubdpi 160t {Orgehdifite an
everse |ink. By using this channel, the beanform ng
HPL SR be conputed as shown above. The CQ

[0088] Conm'l't@ @r@lt&%o%ﬁ’é{dé&eﬁ){/ &%Q&éfaﬁlioglg §@ ahd 918%}%%? to modulation

predi ction algorithma e transmtter.
synibobrinamamshy | blqck 608 depmdmgsmtthc packat formats(Plie 024, esgedified by a

%quedhc HOBdf’fﬁl’aﬁ %@ & ke et Soaecqeﬁn frdiuttilfsed by o

ut edsb sed or med Iot synbol s,
de@%tlquﬁ sg9rrb ol 33‘§§28P%= dﬁb“g‘ gre Ero" S tPe%é%‘kaHO’é‘g module
61ahe reverse link control or signaling channel. In

t hese cases, the channel estimate includes
[0089] e gdpseintroingi mgdylai Gt @nnbr@e@\bedmiomdng vacights atsed rtat alter a
and rank prediction for the next pfraMk Al so, in sone
transingrdiomeprivesr afheach edithe symbojs oEGhe iy layere uetdepestling on the

di.cal | .t h the brqadband nd, hence nay. no
R B 1Y ey Srefod G RGN ERe EiSOTDEBS ] SIghi mmay be
gehBRtcACEAH Shé @bMid s'i?xaﬁﬂé] @H’éiﬁl@pmtf&n‘ra%@)ﬁ'tf'éﬁsrﬁ Ric8 b?fnthe access

the forward |ink and the Tteverse |ink,
texnmpal tadhe peceprapaitt. cFhedwamffoning weights may ﬂvb@bseramd aaanmdmg to

o s ERRb b BeltBloebe B op 00 sy pE RIS Rer

0090 DT 1 B RES edrss aS E stses 6154
to QU3t fildt idtelehA iR oWthltesynitol Strehrhs GAth PASPYEHJIYE The OFDM

processing for each transmit antenna proceeds 620a to 620t then in an identical fashion,

after which the signals are transmitted via a MIMO scheme.

[0091] In SISO encoder 604, turbo encoder 606 encodes the data stream, and in an
embodiment uses 1/5 encoding rate. It should be noted that other types of encoders and
encoding rates may be utilized. Symbol encoder 608 maps the encoded data into the
constellation symbols for transmission. In one embodiment, the constellations may be
Quadrature-Amplitude constellations. While a SISO encoder is described herein, other
encoder types including MIMO encoders may be utilized.

[0092] Rate prediction block 602 processes the CQI information, including rank
information, which is received at the access point for each access terminal. The rank

information may be provided based upon broadband pilot symbols, hop based pilot



[0093]

[0094]

beanf orm ng gain which is provided due to beanform ng

at the access point. The beanform ng gain may be
w@eadoshsed by the difference between the CQ PET/URM06/008987

br oadband pilots and the hoi)- based pilots. After the

beanfornming gain is calculat®d, it may be factored

into the CQ cal culations of the broadband pilots to

forma e ~ac ' i joat . .
syl & 5" 26 SR o SRR oiRj By i e HARKESE et
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buffer 46 storasi thel received esyathods $omp dhen thop Tregidse aibfwiigh fhey were
trvve' gtlgqts may be generated according to any of the
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[0095]

encoders and
and decoder 716, which may be a turbo decoder or other decoder to match the encoder

used at the access point, that provide a decoded data stream for processing.

Referring to Fig. 8, a flow chart of generating beamforming weights according
to one embodiment is illustrated. CQI information is read from a memory or buffer,
block 800. In addition, the CQI information may be replaced with the eigenbeam
feedback provided from the access terminal. The information may be stored in a buffer
or may be processed in real time. The CQI information is utilized as a pilot to construct
a channel matrix for the forward link, block 802. The beam-construction may be
constructed as discussed with respect to Figs. 5A and 5B. The beam-construction
matrix is then decomposed, block 804. The decomposition may be a QR
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[0098]

encoding rates may be utilized. Synbol encoder 608

maps the encoded data into the constellation synbols
wo oro69Bas N ssi on. I n one enbodi nent, the PCT/US2006/008987

constel |l ati ons may be QJadr%tOure-Anpl i tude

constellations. Wile a SI S@“encoder is described

herein, other encoder types including M MO encoders
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tosyfiithéresmbodanahe & filostratée Egesbeanr infdfhatidbhproxided Fvas the access

RN T NN O TR STXG N —
ishilgo e QJIO%OQOOZT heTF M ARMgR-ALESS defir“%oﬁl?%i.«?eoﬂcgl, channel

each denodul ate the OFDM recei ved synbol's In
espiggtasy SENBy $DR, ad/@asesondHopddruéliapnel7 §Btisticsy sdetever generated

oA 3o B e B R it 15 m o
bufep\ordagy be [bceRfsdoReteal @8ne. WThe eiddhbedif BAIHREGRGE and channel

. that independently processes each carrier frequency of
infoymattpriy Blakined BotomstEes Hbeaecomymction madx derchgcloosd link,

pl A SN [, 710.that . .
8 o, 0 OO ORI 5 SRR, i v
resivet @i Bign feaamd 5BhtEhet eatecmmstrhation mieixiis fiemndicbMposed, block

reans, The denodul ated_informatjon provi ded by )
1 e i P RPOP PR B Qlf eqmapsigion [ pigegvectdrs representing

thé 86arkfoki@lue VR EhtERAh theh WeRenelte@FYr fit4ymbols of the next hop region

to be transmitted to the access terminal, block 1008.

Referring to Fig. 11, flow chart of determining a type of CQI and rank to

feedback according to one embodiment is illustrated. A determination is made as to
whether the access terminal, is scheduled to receive a transmission or transmissions,
block 1100. In an embodiment, this may be based upon whether the access terminal is
scheduled to receive symbols in a next hop period. In other embodiments, it may be
based upon whether the access terminal is scheduled to receive symbols in one or more

of the next N hop periods, where N is based upon system parameters.



[0099]

and decoder 716, which may be a turbo decoder or other
decoder to match the encoder used at the access point,

w0 b@b/opr3avi de a decoded data stream for procesBCTYS2006/008987
[0095] Referring to Fig. 8, _a flow chart of generating
beanf ormi ng wei ghts accordiAf to one enbodi nent is
illustrated. CQ information is read fron1a menory or

buf bl ock,800. -I. | Jpt
oy bt SR sl i RS b, (R G BT £ G060 and
opﬁm@m‘inkearé@@l%ﬁﬁmb@ fbﬁseﬂaipon'lfhe bromﬂbmhpmarsynwlsbblock 1102. If
stored in a buffer or processed in re neh
thmr@e@qermwbxs fahgdgled; ﬁleata.npﬁlf% detggmigatin létm%@ as to whether the
nu:g'%gts to_rF e J@nﬂe%reﬁ'@{ Ithah N"ho% hSerioRt el ﬁéaﬂjﬁomti’écp‘éﬁannel

am construction may be constructed as
miﬁrma:mmﬁlmdbaeﬁprom]sgb,dﬂd)cktﬁom gs. 5A and 5B. The

ooto0) SS2TEGATSHEELE B8, LTyt Al desemmaseda B hyion one

wil ﬂﬁrﬁbﬁ?ﬁa‘i’ kshk! SAREE SO thAOcHahfelaafFmation ﬁ%r%'d@dﬂ tigodkall 06, or
then be generated for the synbols of the next hop

hybgdi Qhannei indormations ralenge witho theh eptimale skt basad raion @Pb €hannel

BT OE.  EFy pipgrmain o

hyBﬂbo&ldi’iﬁélt i fSrohdtiot Sisr ?fcﬁdiedaimméble B@bd ngdod the system design.
i nformati on provided fromthe access er m nal _i.s_read

Altqraghivalrdhrobipaditand shmgie] mipaRaiogrmd hyjheid Ghamped oformation may
beSRbvidB f difd gpﬁﬁw@& s gflaﬁ(naé@@%]ﬁ&{jé dét@nﬁn@&‘f)ﬁt?eﬁ'n.or may

€ processe n r annel estinate

[00101] i nf dif iid nmmbe&s@ezitmz‘éndnﬂ‘h them sithercheamformed channel information

beam.constr uct x for, the forwa
g With DS (AL GH s MBS it gty et s BloP . block
1138, @ Qﬁﬁﬁﬁe&lamletl hinfRSRE6H alohgHves. th@%p@lﬁiiﬂ IBak -Bﬁséd upon that

beam construction nmatrix i s then deconposed, bl ock

cheuel mtﬁmrmegmmpqsrpvldgd; hbyk bkl 08 quh%tb@fnﬁ@s beangfermeth whannel

1nfcwgzﬁﬁ\étg %}ég cg%gaan? tléhe b éf%fe rrg'ﬁ}g nex egh%)%n(iﬁ‘é] system

ders?l ONAfiémievely, am%nbéahﬁdnhéd tdi@nrﬁﬂ CmScﬁMaﬁbmn dndl hylh'id)(dhannel
[0097] Referring to Fig. 10, a flow chart of
nfpsmation myy beaseaded By aﬁ@ﬁg‘h‘f% sighals ot baged Bpan 1, prodgtermined
od| ment is illustrated. Ei genbeam infornmation

pa'pr0\7i ded fromthe access termnal is read froma

[00102] nenDRyfetringotel Figr 12)0h diokv ERGO of Idnteardhing artypec hﬁﬁl@l and rank to

info rratlnlsalsora bl oc The chan
feﬁﬁﬂ?a& REGATEE i gt srboaing st 1s @H%Wg ferpma n§|‘f{#€16 asto
wibiRer ARHcLEssSEGARS. & HBEANBR RN Sdcesledd hﬁﬁdn@ﬁsmﬂ\'ﬁ? t@M&hissions,
generated originally. The ei genbeam i nformtion and

blotiahne). hrmmrmmdlmmtnﬁh}s ey bt basad unonavinthier dhe encespeiprminal is
sHeaRE Eere e D8R in ' A5 nlP BefbC R SRM 'eRBENRIL T may be
based upon whether the access terminal is scheduled to receive symbols in one or more

of the next N hop periods, where N is based upon system parameters.

[00103] If the access terminal is not scheduled, channel information, e.g. CQI, and

optimal rank are determined based upon the broadband pilot symbols, block 1202. If
the access terminal is scheduled, then another determination is made as to whether the
distance between the location of the current hop region and a prior hop region is greater

than threshold, block 1204. The prior hop region may be the hop region for the



information is utilized to construct a

beam construction matrix for the forward |ink, block
wQA0@4/099Ble beam construction matrix nmay be conBCT/US1086/008987

as discussed with respect to Figs. 5A and 5B. The

beam construction matrix i 2t hen deconposed, bl ock

1006. The deconposition may be a QR deconposition. The

. [ t
i A L TP Ly OF ey P g o Efer P o bt hop
pen%gggﬁe tﬁgc@)sgﬂg]ﬁiﬁl ABE mfﬁﬁcﬁdnbﬁsﬁs&ﬁn ﬁﬂl@fﬂﬁ&r&t eLm nal , bl ock
erring to ow chart o
[00104] detlérthfs istanas isygeaist Tey e Al (b G dhrgidband channel
infoa’ cr)rg,: Qmﬁ{] the gg@ﬂhﬁéﬁk eld! {1¢J(ﬁlt it €handbl information is

on IS made as to the t he access
protideds Hla’ck. 1206, 8¢ hytstid eoinhel infooeatien aong aithrthe sptimalgenk based

t bl ock 110 | t hi
spasdbnbamna pomatonsprov e et 2 FL RRR g ot bgomel
mfc;rﬁgélﬁgﬁ Ok $§b3y Fhainsl 1n%1ﬁ1aﬁ§ff s ﬁ&ﬂld&%et g belbasddt ﬁ}ﬁih the system

s, It may based er the access
destgr mi Aaﬂemaavslgh dliel ‘madhand ed@qmel dpfepopiion pndnbylyd channel

nore of th t
inft 9P 1payY iﬁgr?r)éylge? d’g%ét’j% a 1v? 3 g@gérg ‘gmtehsu ﬂs %r%&%%grtmned
patkghiedul ed, channel information, e.g. CQ, and opti mal

rank are deternined based upon the broa%ﬁ r{)dflg | ot 1
[00105] synffoﬁ@ nignbelk is 1os. thay the, dhrgshaldstheg, wfhey bepwformed channe

mfs ?dﬁl ﬁ?ﬁétxpﬁ? R0 g}? al 460 rb%é&f’“u?@ﬁ‘ that Hi?a%ﬁelaﬁlfbﬂnatlon is

nunber Nop peri o S greater than
prd%ﬁl%dpblbbl@ d21Gion hgbiid alnfonenatbroiatiom elong Wity tﬂmppbmahmgk based

been provided, bl aock.1104. nb
up e St GRS INFORBHAG (s BFOVRItn L 1208 En U B famgormed
ché'Hn ﬁalﬁoﬁ Re hoptid Bl?irmélaiﬂﬁ)rﬁhﬁﬁ&ﬂ 1?1@{7‘1&@ ahayrhebaet upon the

orma1 lon is provided, block 110 hybrl d channel
systenﬁ desigt.i ditealatimglyydhe ﬂveam@rmpd icherme} infermstien and, pbrid channel

R0 o, PRSI S R PRl D ttemine

pattannel information is provided, may be based upon the

system desi gn. Alternatively, the br oadband channel
[00106] i nf &t Mcbheawtﬁdh%frbl@déﬂé @r blogko} 34t M3Y bReSKRR g and if the

Y
ac%rs i [u dy 1s scﬁé&puz{t{]a?ﬁ i éll @mﬁ%}%ﬂgﬁ% ¢t hybrid channel
miﬂfrﬁ@ticﬁf mhi"l'aélplli&wdeﬁ at‘:boecﬂlhg & thbeystémrdm@n ohplredabrmmed pattern.
formati on al on vvlththeo rank, based u
[00107] { hatTHerRbRNE PracAIES gy i PoTORBrbUR RS 187 BRRSI B g5 478, TX
M]E)f@ éggce%&ﬁrh%' RKHr Qe84 #60 & L@Q? p¥ctdRort 459 GRt70 ”ﬁ{en{o@? K32 or

upon that channel information is provi ded, bl ock
472 6&1 ct\tmhmhmnst merebéaﬁﬁnherauocﬁsmn eberptidnss ged fesiurey described

w@{)?ﬁ%g nneéﬁéh 915 Igiaé |18 may per o'rr%gg on %¥ ppo%eps%§ ec%ntroller

or other processing device and may be stored as computer readable instructions ina
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(D_CD

computer readable medium as source code, object code, or otherwise.

[00108] The techniques described herein may be implemented by various means. For
example, these techniques may be implemented in hardware, software, or a combination
thereof. For a hardware implementation, the processing units within a access point or a
access terminal may be implemented within one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays



design. Alternatively, the beanforned channe

i nformati on and hybrid channel information may be
w@e@eioghsdo i n al ternative signals or based uponP@r/US2006/008987

predeterm ned pattern. [00102] Referring to Fig. 12, a

fl ow chart of determ ning 23t ype of CQ and rank to

f eedback accordi ng to another enbodi nent is

illustrated. A determnati i e :
(PP Rropssen SR B Bl hofsf B PfichGosUfar bliek clddfonic
units' RESHER|Rfofh the AMBIBEIcsutbed bk ol 2080mbinatiamthereof.

enbodi nent, this may be based upon. whet er_tge access

[00109] ¢ erFomal sefsvarehiapieaeniaton.ethsi Jeehuiggt dessribed heretn ARy be
[l (0] S
b o, R0 Q0o R0, e, 1036 Wahetom e

funstioizodescritedoineeiar The eofivart redeeriay Mehsipreg dnimoegory units and
where N is based upon system paraneters, [0010 | f

e QOHiE R R SHEEY o HAISTOTH GRiC SN G B Bl A tho rocessor o

LR OISR ﬁfbce%oﬂ- inGhichaide APLAABE dogiturdéRivelst eduplddetd the

pbased upoh the broadband pilot synbols, block 1202. If
processonvie ¥sgousanednsab i lmovaodhg &8, t hen anot her

determnation is. made.as & 0o,.wh . '
oontor 958 AR ekl S5 e B MR e gt oy
peRbnt QkilRAPin @@ @Rt ioS nglkeadresd e fédnures hfindtions| apkrations, and
1204. The prior hop region nqé be. the hop re |§n for
embpdimentisadiselesed hsreinr Yigipusapedficaions de thesg c?ﬁlg“ﬁ fpGis may be

reaidﬂ?tggé]%?rg %(?rkaﬂ)?gé gﬁlg@(? il A€ aftUidaGRE cBRPicREtPEbs dERBed herein may

unctioh of system paraneters.
be [2fid4D otifer ehdodinstnsneshow dgpatine fromitheir spieit phseoppolllys, the
t hen_eit her, broadb channe| .i nf.ormati.on al on i th .
proceia E5H9SHER i Rah RITEAC0 N TR AT Ui Emane iy Sheta pgfin but i
to '11% Rededele WdRGKschAO GonSiktenty Rithdthehgritgdled Rh@MBREI GAatures
along wth the optimal rank based upon that channe
dischfsed atinon i s provi ded, block 1208. Wether the
br oadband channel information or hybrid channe
information is provided, may be based upon the system
design. Alternatively, the broadband channe
informati on and hybrid channel information may be
provided in alternative signals or based upon a
predeterm ned pattern. [00105] If the nunber is |ess
than the threshold, then either beanformed channe
information along with the optimal rank based upon
that channel information is provided, block 1210, or
hybrid channel information along with the optimal rank
based upon that channel information is provided, block
1208. WWhether the beanforned channel information or

hybrid channel information is provided, may be based
upon the
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system design. Alternatively, the beanforned channe

i nformati on and hybrid channel information may be
w@e@eioghsdo i n al ternative signals or based uponP@r/US2006/008987

predeterm ned pattern. [00106] It should be noted that

bl ock 1104 or bl ock 1204 ma$4be skipped and if the

access termnal is schedul ed and the beanforned

channel information or hyﬁi‘_&@zannel i nformati on may

be provi ded according to tem desi gn or

predeterm ned pattern. [00107] The above processes may

be performed utilizing TX processor 444 or 478, TX

MDv 1o ﬁﬁ@@%&‘@ﬁcﬂ%nsq%( processors 460 or 492,

proces aﬁ 3¢ or 470, nenory 432 or 472, and

conbln rghs t hereof. Further processes, operations,
. and aflﬁadidSS(&S:oﬂﬁBd M'riﬁethe\manhbry,eﬂip @odcessor Bpeyable 5\gerteBate one of

%&%ﬁr o ma quzg q%é\%/ﬁ% IoBglgggllfaﬂg, &9@@@%3&%\% Hg‘grmatlon with

opBikRA %’ana%rczp BRMhRImEgadaPhe ihftpthtiGd WeMSoptind FHARTBAET upon

readabl &€ nmedi um as source code, object code, or

whettlez the apparafi309 §@kddiké. t echni ques descri bed herein may
be i nmpl emented by various neans. For exanple, these
techni ques may be inplenented in hardware, software,
or a conbination thereof. For a hardware

| rrpl enment ati on, thegfar ocessing. units within a access
poi & &he @pa@re%@sofi nbl Whegithei Riseesieh i dusher ronerable to

1 [ r [
APAGHEL IR BB ARHA SREREIE S RL GRS DL péSived an
insthgptiah that ﬂmﬂsewec@mhoﬁsin(a%ﬁ’tbjp,pqnindgr amuabl e | ogic
devices (PLDs), field programmabl e gate arrays(FPGAs),
processors, controllers, mcro-controllers,
M CrHPTRE EppRaks Of BRimel e%e&m ﬁleumacéssale% GeKbrt Sperable to
performthe functions descri bed heréein, or a
deteymivien atticther t ther @ﬁarat[ls)os_w}lew af dbg tapam@tus has received an

it BRERL B Ot VU B Pt i P GENIRL 5P Ferba e,

and so on) that performthe functions descri bed
herein. The software codes may be stored in nenpry
uni t4 dhe appemstiseel Blaipg, bcé@gr@rrs therprocgssabiy fiwther %avable to
e t n
st CRAETPER Inbln! b HoRhARASHAR offindr Bk Bloabihul Wannel
1nfcﬁﬁph&1d with dptiendd rawde 8 deamfamed chante] irfamsation wih bpﬁmal rank

bR LR BB 1 CiSRbIAB S PS DR P ERYioBr sor

skilled in the art to rrake or use the features
functi ons, operations, and enbodi nents di scl osed
her e$.n Thb’aappomglsnoﬂ |ciauma11,| vilsreirp then eme@snboaufn@mrsomgble to

gqt%%glrtgg%gﬁ/ the E?l? 161 qlo}%%ggrlf Iﬁvlé olpﬁh}%?nﬁ, SbtoadBRS channel

information with optimal rank or beamformed channel information with optimal rank

based upon whether the apparatus is scheduled and a distance between a prior hop

region and a current hop region.

6. The apparatus of claim 1, wherein the prior hop region is the immediately

prior hop region.



be applied to other enbodi nents w thout departing from

their spirit or scope. Thus, the present disclosure is
woodociopsended to be limted to the enbodi ment SPEhoB2V06/008987

herein but is to be accorded the w dest scope

consistent with the princi pt®s and novel features

di scl osed herein. CLAI M5 1. An apparatus conprising: a

and ce WI th the

pro esgl?rap(yﬁr@?gbq%é’ %P N8 B % lsﬁljr;%%é% ¢h aé%ﬁtglcause
trahdMhiQdiSRdOfhe V‘él%ﬁhl Qﬂﬂizﬁ@I ah adttho ganeb r ﬂétﬁiéﬁ@d ddvision ehultiplexing

information with opti mal rank, or a beanforned channel
(OFPMrseaidn with optimal rank based upon whether the

apparatus is schedul ed. 2. The apparatus of claim1,

wherein the processor is further operable to determ ne

whegheThd bppargtparodtdlsini 9, selieeeiul tad prbcdskm mpfathat wperable to

SougRBONS (HIoRd nSaflo BRI by, T dhS Hotdhand channel
1n1’8 1 4tnlbastd & V\hg&LQ diftEreRELEEREE theSblodinang rchﬁﬂfél %@ﬂoﬁnﬁtﬁbn and

term ne er the apparatus is scheduled if the
theslpgaarformes! dhasnel edfeimatidnan i nstruction that it will

. receive synbols in at |east one of N next hop
periods.. 4. The apparatus of claim1l1l, wherein the

Pr 0Ge SRS appurdtid b 6hirR (S ek dn tedclgen ﬂfe&i}fbndrtﬁlaﬂlﬁeltlhﬂ)rmatlon
hybrid channel information with optinmal rank

wifh eptithelrranks hseadbind shaspekinfosmatipn Wigptimel 130knpnd Bamformed
s.0ptimal rank based

chﬁrbng?ﬁmv\% qmﬁ%ﬁlrb%ltmjggg %hlélgtgg\gwggul ed and a nunber

of hop periods. 5. The apparatus of claim1l, wherein

the processor is furth oefa le to erate o 0

t he Ty B aoBramel i Sr WRRFBH b PSR 2 e

br oadband channel information with optinmal rank, or

beanf ormed channel information with optinal rank based

uporl Iwithehapataties af) phiimt LI,SWihsrem: theed progelssands durthes topgeeble to

bet rio and rrent.ho Lon
oS R SRR i SRR G, B omion
witieGptifalirink, Bfd beameeimAéEEanRél iRforl@Ror wTh Optindal rdfle

apparatus of claim31, wherein the processor is further

oper abl e to cause transmission of the si gnal utilizing

s ch g% hﬁgsogpaﬂara Baukin i“ Whgfeﬂ{] s Hdcgisgf( L Gt q\@erable to

generate the hybrid channel information and beamformed channel information based

upon only dominant eigenbeams.

13. The apparatus of claim 1, wherein the channel information comprises CQI.

The CQI constitutes a signal to noise ratio estimation for the received symbols.

14. The apparatus of claim 13, wherein the CQI incorporates thermal noise,

interference covariance matrix or the interference variance per receive antenna.



8. The apparatus of claim1, wherein the processor is
further operable to generate the hybrid channel
wOo pdoe/09std on by nodi fying the broadband channebCT/US2006/008987
i nformati on based upon a difference between the
br oadband channel infornati%h and the beanforned
channel information. 9. The apparatus of claim1,
wherei g,each of the.hybrj [ Df ' i
opt 1 Rmit aRereiys el bl AR i phite B Bt it biligured to
sttt TR iktaTéend bvReaIEt afatiet o indsifeednce Nhinta ipedTecwive Antenna
optimal rank consists of 7 bits. 10. The apparatus of,

from dreadbandypilptsi ot tdedicalsdi pHats &k hybid jsghane fvhjch,cpy include
. e i {1Bst he processor is
e e b O S

information with opti mal rank, broadband channel

i nfQrmat | onx th gptimal rank, and beanfornmed channel

i nf _&,5 TSHORCPRPEPEMal rank. 12. The apparatus of

cl aighetmithe Whlethet B aviPdQGQDRRhuriSatiod dfle iOREHcEAIA thOreceive

generate the hybrid channel information and beanforned
sywbhalshel i nformati on based upon only dom nant

ei gepbeans. . 13. The apparai us _of clai [

chadhfe Mhielshse P RaREh ety hthibayg YOERE, fplithy then
geferdiigBéantforhi& dRnhdtnforgidniaid on for the received

synbol s. 14. The apparatus of claim 13, wherein the

cQ if theowizeless osnmpteatian degicsds npingcheduledincisceive symbols, then

' t o ipterference variance per

geﬁ%\é@‘ﬁ%gl%éﬁ?%ﬁn%%ﬂ“ﬁ%ﬁ%’gar atus of claim 14, wherein

the processor is further configured to estinate the

i nterference covari gnce t\‘rghx or i{;}terf.ere

c .

var i dnceepdrethode of  glaigh SRR R 1L d’aﬁ%%t the gyireless
cofl RRfSdRE PldvRtleS 97 sBhdiRil bobGiIREE WbteRHinERN fNGheId&ireless

Interference estimted from broadband and dedi cated .
copimhwtisationBlevike es trsdived ap inssriueigon et  vwHlapgedyeviyetbets ing next
hWi rel ess communi cati on device is scheduled to receive
PRH8fs: if the wirel ess comunication device is

schedul ed to receive synbols, then generating

beanf ornmed channel information; and if the wrel ess

conmifni Bher mesthete\afcelaing Hot whensiy dletegmimang ordlastys the wireless
. then. - . .
oo B B oaghands cbilRlng i e v

cot@tetisativnnipvive b eceivbd aminseheim that it will receive symbols in at least

one of N next hop periods.

19. The method of claim 14, further comprising

determining a number of hop periods;

if the number of hop periods is greater than a predetermined number, generating
oné of the hybrid channel information or beamformed channel information; and

if the number of hop periods is less than the predetermined number, generating

the broadband channel information or hybrid channel information.



comuni cation device is schedul ed conpri ses
determning if the wireless comuni cati on devi ce has

WO e@eioysd an i nstruction that it will recei ve BgIDS1086/008987
in a next hop period. 18. The nethod of claim 14,
wher ei n det er m ni ng whet her2% he wirel ess conmuni cati on
device is schedul ed conprises determning if the

wrele CO nicat i eyi ce has.received an
ins?buiﬁ?ﬁ%ﬁg&iﬂfcﬁwnagrﬁ“&%ﬁﬁﬂnggmg§hbols in at |east
one JabrmNnBX¥WhEaer »idtAEs betben ENSricehdiPebedn @ldah Ruiként hop

further conprising determ ning a nunber of hop
regiasy ¢xgdeds 4 thresheldhunber of hop periods is greater than

a predeternm ned n | I

chathicy SRHPSY e ra Ben BRI, YenEnE ot BPUDYbE channel
inﬁﬂﬂ%?dhc&bEmﬁgﬂbﬁgghﬁnhbmﬂnﬁmﬁgﬂ&ndﬁ Igss thandthe

redet erni ned nunber enerating the br.oadpa anne

!Onf & her flistanes 1hye5s | tbarg I%H’é?shpﬁ’p SRERIBS q%) .T’f‘*ﬂ%‘Ean Ghannel
mﬁ%ﬂﬁﬂ o‘?%ygh&icﬂar&fél inkotdafigs. conpri si ng det ermining

whether a“di stance between a prior hop region and a
current hop region exceeds a threshold; if the

di st.an i s greater.than the.threshold ner.atj .

of "che g e B ERE AT Pt T5rPER BRER e nftBiatey
prioPRERLidndf or mation; and if the distance is |less than

the threshol d, generating the broadband channe

information or hybrid channel information. 21. The

met hod of claim 18, wherein the prior hop region is

the imedi ately prior hop region. 22. The nethod of

cl aiom Tthe idgodi 6f elih Df, Wheeinr estibai thec haradkbindanighnnel and

beanf or med channel | nformati consists of 5 bits. 23.
be@ﬁ@“ﬁ@@ﬁbﬂ”ﬁ*“gh%mﬁpﬁﬁ?n$%??ﬁgPﬂ%onprising quanti zi ng

t he generated broadband channel information or

beanf ormed channel information. 24. The net hod of

cl ai2d Tehe wiethodi of tdmb éénfiothee ontpaising qhartisinga theo generated

I s_geper at ed hased upan onl om nant_ei geri beans. 25.
bromb ARG EHGC RS Grpee s PR EHEgIon

i nformati on conprises CQ. 26. An apparat GS
conpri si ng: . ) o
24. The method of claim 14, wherein the beamformed channel information is

S

generated based upon only dominant eigenbeams.

25. The method of claim 14, wherein the channel information comprises CQL

26. An apparatus comprising:

means for determining whether a wireless communication device is scheduled to
receive symbols; and

means for generating one of a hybrid channel information with optimal rank, a
broadband channel information with optimal rank, or a beamformed channel

information with optimal rank based upon whether the apparatus is scheduled.

27. The apparatus of claim 14, wherein the means for determining whether the

wireless communication device is scheduled comprises means for determining if the
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31. The apparatus of claim 28, wherein the prior hop region is the immediately

prior hop region.

32. The apparatus of claim 24, wherein the channel information comprises CQL



